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Description 

[0001] This invention relates to an electrosurgicai in- 
strument for the treatment of tissue in the presence of 
an electrically-conductive fluid and to electrosurgicai ap- 
paratus including such an instrument. 
[0002] Endoscopic eiectrosurgery is useful for treat- 
ing tissue in cavities of the body, and is normally per- 
formed in the presence of a distension medium. When 
the distension medium is a liquid, the technique is com- 
monly referred to as underwater eiectrosurgery, this turn 
denoting eiectrosurgery in which living tissue is treated 
using an electrosurgicai instrument with a treatment 
electrode or electrodes immersed in liquid at the oper- 
ation site. A gaseous medium is commonly employed 
when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid 
medium would be unsuitable, as is often the case in 
laparoscopic or gastroenterological surgery. 
[0003] Underwater surgery is commonly performed 
using endoscopic techniques, in which the endoscope 
itself may provide a conduit (commonly referred to as a 
working channel) for the passage of an electrode. Alter- 
natively, the endoscope may be specifically adapted (as 
in a resectoscope) to include means for mounting an 
electrode, or the electrode may be introduced into a 
body cavity via a separate access means at an angle 
with respect to the endoscope - a technique commonly 
referred to as triangulation. These variations in tech- 
nique can be subdivided by surgical speciality, where 
one or other of the techniques has particular advantages 
given the access route to the specific body cavity. En- 
doscopes with integral working channels, or those char- 
acterised as resectoscope s, are generally employed 
when the body cavity may be accessed through a nat- 
ural opening - such as the cervical canal to access the 
endometrial cavity of the uterus, or the urethra to access 
the prostate gland and the bladder. Endoscopes specif- 
ically designed for use in the endometrial cavity are re- 
ferred to as hysteroscopes, and those designed for use 
in the urinary tract include cystoscopes, urethroscopes 
and resectoscopes. The procedures of transurethral re- 
section or vaporisation of the prostate gland are known 
as TURF and EVAP respectively. When there is no nat- 
ural body opening through which an endoscope may be 
passed, the technique of triangulation is commonly em- 
ployed. Triangulation is commonly used during under- 
water endoscopic surgery on joint cavities such as the 
knee and the shoulder. The endoscope used in these 
procedures is commonly referred to as an arthroscope. 
[0004] Eiectrosurgery is usually carried out using ei- 
ther a monopolar instrument or a bipolar instrument. 
With monopolar eiectrosurgery, an active electrode is 
used in the operating region, and a conductive return 
plate is secured to the patient's skin in a position remote 
from the operating site. With this arrangement, current 
passes from the active electrode through the patient's 
tissues to the external return plate. Since the patient rep- 
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resents a significant portion of the circuit, input power 
levels have to be high (typically 150 to 250 watts), to 
compensate for the resistive current limiting of the pa- 
tient's tissues and, in the casse of underwater electro- 

s surgery, power losses due to the fluid medium which is 
rendered partially conductive by the presence of blood 
or other body fluids. Using high power with a monopolar 
arrangement is also hazardous, due to the tissue heat- 
ing that occurs at the return plate, which can cause se- 

10 vere skin bums. There is also the risk of capacitive cou- 
pling between the instrument and patient tissues at the 
entry point into the body cavity. 
[0005] When performing surgery in body cavities, vital 
structures often lie in close proximity to the site of appli- 

J5« cation, and these structures may be damaged by the 
collateral spread of the electrosurgicai effect. Also of 
concern when using monopolar eiectrosurgery is that 
the operating voltage is elevated to overcome the resis- 
tive current limiting of the patient's tissues or to over- 

20 come carbonisation of the application electrode. Arcing 
by direct coupling to adjacent structures, or through 
breaches in insulation, may produce accidental tissue 
damage outside the narrow field of view of the endo- 
scope. There is also the risk of capacitive coupling be- 

2S tween the instrument and the patient's tissues at the en- 
try point into the body cavity such that an electrosurgicai 
energy may be coupled to tissue at the entry point This 
coupled energy can sometimes be sufficient to cause 
burning These risks of using monopolar eiectrosurgery 

30 during endoscopic procedures are now well recognised, 
and have driven a move towards adoption of bipolar sur- 
gery. 

[0006] With bipolar eiectrosurgery, a pair of elec- 
trodes (an active electrode and a return electrode) are 

35 used together at the tissue application site. This ar- 
rangement has advantages from the safety standpoint, 
due to the relative proximity of the two electrodes so that 
radio frequency currents are limited to the region be- 
tween the electrodes. However, the depth of effect is di- 

^0 rectly related to the distance between the two elec- 
trodes; and, in applications requiring very small elec- 
trodes, the inter-electrode spacing becomes very small, 
thereby limiting tissue effect and the output power. 
Spacing the electrodes further apart would often ob- 

45 scure vision of the application site, and would require a 
modification in surgical technique to ensure correct con- 
tact of both electrodes with the tissue. 
[0007] There are a number of variations to the basic 
design of the bipolar probe. For example, U.S. Patent 

so Specification No. 4706667 describes one of the funda- 
mentals of the design, namely that the ratio of the con- 
tact areas of the return electrode and of the active elec- 
trode is greater than 7:1 and smaller than 20:1 for cutting 
purposes. This range relates only to cutting electrode 

55 configurations. When a bipolar instrument is used for 
desiccation or coagulation, the ratio of the contact areas 
of the two electrodes may be reduced to approximately 
1:1 to avoid differential electrical stresses occurring at 
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the contact between the tissue and the electrodes. 
[0008] The electrical junction between the return elec- 
trode and the tissue can be supported by wetting of the 
tissue by a conductive solution such as normal saline. 
Both monopolar and bipolar probe arrangements often 
provide a means of suction and irrigation, primarily in- 
tended to wash the operative site. In such a case, the 
active electrode is retracted within the irrigation sheath 
to enable direct contact of the sheath with the tissue 
without the risk of mechanical damage to the tissue by 
the exposed electrode. No surgical effect can be pro- 
duced with the electrode retracted, or during the pas- 
sage of saline. As a secondary benefit, this arrangement 
allows the wetting of tissue to reduce contact imped- 
ance. 

[0009] in bipolar needle arrangements, one of the ob- 
vious limitations is that the active electrode must be 
completely buried in the tissue to enable the return elec- 
trode to complete the circuit. Another problem is one of 
orientation: even a relatively small change in application 
angle from the ideal perpendicular contact with respect 
to the tissue surface, will change the electrode contact 
area ratio, so that a surgical effect can occur in the tissue 
contacting the return electrode. 
[0010] The applicants have developed a bipolar in- 
strument suitable for underwater eiectrosurgery using a 
conductive liquid or gaseous medium. This electrosur- 
gical instrument for the treatment of tissue in the pres- 
ence of a fluid medium, comprises an instrument body 
having a handpiece and an instrument shaft and an 
electrode assembly, at one end of the shaft. The elec- 
trode assembly comprises a tissue treatment electrode 
which is exposed at the extreme distal end of the instru- 
ment, and a return electrode which is electrically insu- 
lated from the tissue treatment electrode and has a fluid 
contact surface spaced proximally from the exposed 
part of the tissue treatment electrode. In use of the in- 
strument, the tissue treatment electrode is applied to the 
tissue to be treated whilst the return electrode, being 
spaced proximally from the exposed part of the tissue 
treatment electrode, is normally spaced from the tissue 
and serves to complete an electrosurgical current loop 
from the tissue treatment electrode through the tissue 
and the fluid medium. This electrosurgical instrument is 
described in the specification of the applicants' Europe- 
an Patent Application No. 0771,1 76, which has the same 
filing date as the present application and does not form 
prior art in the sense of Article 54 EPC. 
[0011] The electrode structure of this instrument, in 
combination with a conductive distension medium large- 
ly avoids the problems experienced with monopolar or 
bipolar eiectrosurgery. In particular, input power levels 
are much lower than those generally necessary with a 
monopolar arrangement (typically 100 watts). Moreo- 
ver, because of the relatively large spacing between its 
electrodes, an improved depth of effect is obtained com- 
pared with conventional bipolar arrangements. 
[0012] This type of electrosurgical instrument is de- 



signed primarily for use in a saline environment, and so 
cannot be used in open air or gas-filled operating envi- 
ronments. 

[001 3] An electrosurgical instrument according to the 
5 first part of present claim 1 is disclosed in WO-A- 
94/10924. 

[001 4] The aim of the invention is to provide an irri- 
gated bipolar electrosurgical instrument that can be 
used in open air or gas-filled environments, in body flu- 
10 ids, or by insertion into tissue by the creation of a con- 
ductive fluid environment around the tip of the instru- 
ment: 

[0015] The present invention provides an electrosur- 
gical instrument for the treatment of tissue in the pres- 

J5 ence of an electrically-conductive fluid, the instrument 
comprising an instrument shaft and an electrode assem- 
bly at one end of the shaft, the electrode assembly com- 
prising a tissue treatment electrode and a return elec- 
trode which is electrically insulated from the tissue treat - 

20 ment electrode by means of an insulation member, the 
tissue treatment electrode being exposed at the ex- 
treme distal end of the instrument, and the return elec- 
trode having a fluid contact surface spaced from the ex- 
posed end of the tissue treatment electrode by the in- 

25 sulation member, wherein the instrument further com- 
prises feed means for feeding electrically-conductive 
fluid to the region of the exposed end of the tissue treat- 
ment electrode in such a manner as to define, in use, a 
conductive fluid path that completes an electrical circuit 

30 between the tissue treatment electrode and the return 
electrode, and wherein the return electrode is a tubular 
member which is externally coated in insulation. 
[0016] In this way, it is possible to create a local con- 
ductive fluid environment around the tip of an electro- 
ns surgical instrument by delivering the fluid through the 
instrument in such a manner that the return electrode 
can be positioned remote from the tissue treatment elec- 
trode on or within the shaft of the instrument. 
[001 7] The electrode structure of this instrument thus 

40 simulates a monopolar configuration, with one active 
(tissue treatment) electrode and a remote return elec- 
trode, the return electrode being positioned on the in- 
strument shaft to provide all the advantages of bipolar 
eiectrosurgery without the drawbacks. The separation 

45 of the two electrodes is supported by the delivery of the 
conductive medium, and allows higher powers to be de- 
livered compared to conventional bipolar eiectrosur- 
gery, but yet at power levels lower than conventional 
monopolar eiectrosurgery. The arrangement can also 

so produce a contact vaporisation of tissue comparable to 
that of laser surgery. 

[0018] The return electrode is spaced from the tissue 
treatment electrode so that, in use, it does not contact 
the tissue to be treated, and so that the electrical circuit 
ss is always completed by the conductive fluid, and not 
simply by arcing between the electrodes. Indeed, the ar- 
rangement is such that arcing between adjacent parts 
of the electrode assembly is avoided, thereby ensuring 
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that the tissue treatment electrode can become envel- 
oped in a vapour pocket so that tissue entering the va- 
pour pocket becomes the preferred path tor current to 
flow back to the return electrode via the conductive fluid. 
[001 9] The electrosurgical instrument of the invention 
is useful for dissection, resection, vaporisation, dessi- 
cation and coagulation of tissue and combinations of 
these functions with particular application in laparascop- 
ic, colposcopic (including vaginal speculum) and open 
surgical procedures on the female genital tract and ad- 
nexal related diseases. Laparascopic operative proce- 
dures may include: removal of subserosal and pedun- 
culated fibroids, ablation of ectopic endometrium, ovar- 
ian cystectomy and ovarian drilling procedures; 
oophorectomy, salpingo-oophorectomy, subtotal hys- 
terectomy and laparaoscopically assisted vaginal hys- 
terectomy (LAVH) as may be performed for benign or 
malignant diseases; laparoscopic uterosacral nerve ab- 
lation (LUNA); fallopian tube surgery as correction of ec- 
topic pregnancy or complications arising from acquired 
obstructions; division of abdominal adhesions; and hae- 
mostasis. 

[0020] The electrosurgical instrument of the invention 
is also useful in the lower female genital tract, including 
treatment of cervix, vagina and external genitalia wheth- 
er accessed directly or using instrumentation compris- 
ing generally speculae and colposcopes. Such applica- 
tions include: vaginal hysterectomy and other pelvic pro- 
cedures utilising vaginal access; LLETZ/LEEP proce- 
dure (large loop excision of the transformation zone) or 
excision of the transformation zone of the endocervix; 
removal of cystic or septic lesions; ablation of genital or 
venereal warts; excision of benign and malignant le- 
sions; cosmetic and surgical repairs including vaginal 
prolapse; excision of diseased tissue; andhaemostasis. 
[0021] The electrosurgical instrument of the invention 
is also useful for dissection, resection, vaporisation, 
desiccation and coagulation of tissue and combinations 
of these functions with particular application in surgery 
on the ear nose and throat (ENT) and more particularly 
procedures performed on the oropharynx, nasopharynx 
and sinuses. These procedures may be performed 
through the mouth or nose using speculae or gags or 
using endoscopic techniques such as functional endo- 
scopic sinus surgery (FESS). Functional endoscopic si- 
nus procedures may include: removal of chronically-dis- 
eased, inflamed and hypertrophic mucus linings, polyps 
and neoplasms from the various anatomical sinuses of 
the skull; excision of diseased tissue; andhaemostasis. 
Procedures on the nasopharynx may include: removal 
of chronically-diseased, inflamed and hypertrophic mu- 
cus linings, polyps and neoplasms from the turbinates 
and nasal passages; submucus resection of the nasal 
septum; excision of diseased tissue; and haemostasis. 
Procedures on the oropharynx may include: removal of 
chronically-diseased, inflamed and hypertrophic tissue, 
polyps and neoplasms particularly as they occur related 
to the tonsil, adenoid, epi-glottic and supra-glottic re- 



gions, and salivary glands; as an alternative method to 
perform the procedure commonly known as laser assist- 
ed uvulopalatoplasty (LAUP); excision of diseased tis- 
sue; and haemostasis. 

5 [0022] It is evident from the scope of applications of 
the invention that it has further additional applications 
for dissection, resection, vaporisation, desiccation and 
coagulation of tissue and combinations of these func- 
tions in general lapaaroscopic, thoracoscopic and neu- 

w rosurgical procedures, being particularly useful in the re- 
moval of diseased tissue and neoplastic disease wheth- 
er benign or malignant. 

[0023] Surgical procedures using the electrosurgical 
instrument of the invention include introducing the elec- 
ts trode assembly to the surgical site whether through an 
artificial (cannula) or natural conduit which may be in an 
anatomical body cavity or space or one created surgi- 
cally either using the instrument itself or by another tech- 
nique. The cavity or space may be distended during the 
20 procedure using a fluid, or may be naturally held open 
by anatomical structures. The surgical site may be 
bathed in a continuous flow of conductive fluid, such as 
saline solution, to create a locally-irrigated environment 
around the tip of the electrode assembly in a gas-filled 
25 cavity or on an external body surface or other such tis- 
sue surfaces exposed during part of a surgical proce- 
dure. The irrigating fluid may be aspirated from the sur- 
gical site to remove products created by application of 
the RF energy, tissue debris or blood. The procedures 
30 may include simultaneous viewing of the site via an en- 
doscope or using an indirect visualisation means. 
[0024] In a preferred embodiment, the instrument fur- 
ther comprises removal means for removing electrically 
conductive fluid from the region of the exposed end of 
35 the tissue treatment electrode. The removal means is 
particularly important when the conductive fluid is a liq- 
uid such as saline, as saline heated up by the electro- 
surgical output needs to be removed to prevent the risk 
of collateral tissue damage. 
40 [0025] By continually feeding electrically -conductive 
fluid such as saline to the region of the tissue treatment 
(active) electrode, and continually removing the fluid 
from this region, it is possible to create a local fluid field 
at the active electrode. Moreover, as fluid is constantly 
45 replenished in this region, the temperature of the active 
electrode can be maintained at a desired level. 
[0026] Advantageously, the removal means is consti- 
tuted by a fluid return channel formed within the instru- 
ment shaft, and by means for applying suction to the 
50 proximal end of the fluid return channel, and the feed 
means is constituted by a fluid feed channel formed 
within the instrument shaft. The fluid feed channel may 
be positioned around the fluid return channel. 
[0027] In a preferred embodiment, the return elec- 
ts trode is a tubular member which is coated with an insu- 
lating sheath, the coated return electrode constituting 
the instrument shaft. Advantageously, the inner surface 
of the tubular member constitutes the return electrode. 
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Preferably, the tubular member is made of stainless 
steel. In this case, the tissue treatment electrode may 
be supported centrally within the tubular member by an 
insulating spacer. Conveniently, the insulating spacer is 
made of a ceramic material, silicone rubber or glass. 
[0028] The instrument may further comprise a tube 
extending proximal ly of the spacer Preferably, the feed 
channel is constituted by the annular space between the 
return electrode and the tube, and the return channel is 
constituted by the interior of the tube and aperture 
means extending through the spacer. 
[0029] Alternatively, the instrument may further com- 
prise a second return electrode constituted by a second 
tubular stainless steel member positioned concentrical- 
ly within the first-mentioned tubular stainless steel mem- 
ber. In this case, the feed channel may be constituted 
by the annular space between the two return electrodes, 
and the return channel is constituted by the annular 
space between the second return electrode and the 
tube. 

[0030] The invention also provides elecrosurgical ap- 
paratus comprising a radio frequency generator and an 
electrosurgical instrument for treatment of tissue in the 
presence of an electrically-conductive fluid medium, 
wherein the electrosurgical instrument is as defined 
above. 

[0031] Advantageously, the radio frequency genera- 
tor includes control means for varying the output power 
delivered to the electrodes, the control means being 
such as to provide output power in first and second out- 
put ranges, the first output range being for powering the 
electrosurgical instrument for tissue desiccation, and 
the second output range being for powering the electro- 
surgical instrument for tissue removal by cutting or va- 
porisation. Prefereably, the first output range is from 
about 150 volts to 200 volts, and the second output 
range is from about 250 vofts to 600 volts, the voltages 
being peak voltages. 

[0032] Advantageously, the return electrode is 
spaced proximaliy with respect to the tissue treatment 
electrode, and the electrode assembly is introduced into 
the selected operation site such that the tissue treat- 
ment electrode is positioned at least adjacent to the tis- 
sue to be treated, with the vapour pocket in contact with 
the tissue, and with the return electrode in contact with 
the electrically conductive fluid, the electrode structure 
being manipulated to achieve at least vaporisation of the 
tissue. 

[0033] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

Figure 1 is a diagram showing an electrosurgical 
apparatus constructed in accordance with the in- 
vention; 

Figure 2 is a schematic longitudinal sectional view 
of the distal end of a first form of electrosurgical in- 
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strument for use with the apparatus of Figure 1 ; and 

Figure 3 is a schematic longitudinal sectional view 
of a second form of electrosurgical instrument for 
5 use with the apparatus of Figure 1 . 

[0034] Each of the electrosurgical instruments de- 
scribed below is intended to be used with a conductive 
medium such as normal saline or argon. Each instru- 

10 ment has a dual-electrode structure, with the conductive 
medium acting as a conductor between the tissue being 
treated and one of the electrodes, hereinafter called the 
return electrode The other electrode is applied directly, 
or immediately adjacent, to the tissue, and is hereinafter 

is called the tissue treatment (active) electrode. In many 
cases, use of a liquid medium is preferable, as it pre- 
vents excessive electrode temperature in most circum- 
stances, and largely eliminates tissue sticking. 
[0035] Referring to the drawings, Figure 1 shows 

20 electrosurgical apparatus including a generator 1 hav- 
ing an output socket 2 providing a radio frequency (RF) 
output for an instrument in the form of a handpiece 3 via 
a connection cord 4. Activation of the generator 1 may 
be performed from the handpiece 3 via a control con- 

2S nection in the cord 4, or by means of a footswitch unit 
5, as shown, connected separately to the rear of the 
generator 1 by a footswitch connection cord 6. In the 
illustrated embodiment, the footswitch unit 5 has two 
footswitches 5a and 5b for selecting a desiccation mode 

30 and a vaporisation mode of the generator 1 respectively. 
The generator front panel has push buttons 7a and 7b 
for respectively setting desiccation and vaporisation 
power levels, which are indicated in a display 8. Push 
buttons 9a are provided as an alternative means for se- 
as lection between the desiccation and vaporiation modes. 
[0036] The handpiece 3 mounts a detachable electro- 
surgical instrument E, such as the electrode units E1 
and E2 to be described below. 
[0037] Figure 2 shows the distal end of the first form 

40 of the electrosurgical instrument E1 . The instrument El 
is formed with an electrode assembly at the distal, end 
thereo, the electrode assembly comprising a central tis- 
sue treatment (active) electrode 11 and a tubular return 
electrode 1 2. The active electrode 1 1 is made of twisted 

45 noble metal (such as platinum/iridium or platinum/tung- 
sten), and the return electrode is a stainless steel tube. 
The return electrode 12 is completely enveloped by a 
polyimide insulating sheath 13. The return electrode 12 
extends the entire length of the electrosurgical instru- 

50 ment El, and constitutes the shaft of the instrument. 
[0038] The electrodes 11 and 12 are provided with 
current from the radio frequency (RF) generator I (not 
shown in Figure 2), the return electrode 1 2 being directly 
connected to the generator and the active electrode 11 

55 being connected via a copper conductor 1 4. The gener- 
ator 1 may be as described in the specification of our 
European Patent Application No.0754437. The active 
electrode 11 is held centrally within the return electrode 
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12 by means of a ceramic insulator/spacer 15. The in- 
sulator/spacer 1 5 has a generally cylindrical portion 1 5a 
surrounding the junction between the active electrode 
11 and the conductor 14 and the adjacent regions of 
these two members, and four radially-extending, equis- 
paced wings 15b which contact the internal circumfer- 
ential wall of the return electrode 1 2 to hold the insulator/ 
spacer, and hence the active electrode 11, centrally 
within the return electrode. 

[0039] A tube 1 6, made of an insulating material such 
as PTFE, is a friction fit around the proximal end of the 
cylindrical portion 15a of the insulator/spacer 15, and 
extends substantially along the entire length of the in- 
strument. The tube 16 defines, together with the return 
electrode 12, a coaxial saline supply channel 17, the in- 
terior of the tube 1 6 defining a saline return channel 1 8. 
In use, saline is fed to the channel 17 under gravity (no 
pumping being required), and saline is removed via the 
channel 18 and apertures (not shown) in the cylindrical 
portion 15a of the insulator/spacer 15 by means of suc- 
tion. Preferably, the suction is carried out by a low noise 
pump (not shown) such as a moving vane pump or a 
diaphragm pump, rather than by using a high speed im- 
peller. As the tubing leading to the pump will intermit- 
tently contain small quantities of saline, a large vacuum 
(at least 500 mBar) is required. However.the quantity of 
gas and liquid to be removed is comparatively small, and 
this permits the use of a moving vane or diaphragm 
pump, although a high volume peristaltic pump could al- 
so be used. 

[0040] To circumvent the requirement for pump steri- 
lisation, the pump operates via a disposable fluid trap 
(not shown) incorporating a 10jim PTFE filter. This filter 
prevents both exhausted fluids and gas particulates 
from being drawn in by the pump and contaminating its 
workings and the surrounding environment. 
[0041 ] The instrument E I described above is intended 
for use in open air or gas filled environments, in body 
fluids, or by insertion into tissue by the creation of a con- 
ductive fluid environment around the tip of the instru- 
ment; and it is so arranged that it is possible to create a 
local saline field at a distal end of the instrument. This 
instrument El can, therefore, be used for laparoscopic 
applications. In use, saline is fed to the active electrode 
1 1 via the channel 17, the saline providing a conductive 
medium to act as a conductive path between the tissue 
being treated and the return electrode 12. By varying 
the output of the generator 1 , the instrument can be used 
for tissue removal by vaporisation, for cutting or for des- 
iccation. In each case, as saline contacts the active elec- 
trode 11 , it heats up until it reaches an equilibrium tem- 
perature dependent upon the power output of the gen- 
erator 1 and the flow rate of the saline. In equilibrium, 
as fresh saline is fed via the channel 17 to the active 
electrode 11, the exterior temperature of the shaft is 
maintained at the same temperature as of that of the 
surrounding saline. As the insulating sheath 13 com- 
pletely covers the external surface of the return elec- 



trode 12, accidental contact between the return elec- 
trode and tissue is avoided. 

[0042] One of the advantages of using a low saline 
flow rate, is that the saline temperature can reach boiling 

s point. However, as there is a continuous flow of saline, 
there is a temperature gradient rise in the saline from 
the return electrode 12 to the active electrode 11. This 
temperature gradient is important, as the hotter saline 
adjacent to the active electrode 11 reduces the power 

10 threshold requirement to reach vaporisation. Although 
the flow rate requirement can be calculated on the basis 
of the input power, the flexibility of the generator 1 in 
maintaining optimum power density means that the flow 
rate is non-critical. For example, if the generator is set 

15 for 100 W, then the maximum flow rate is theoretically 
calculated as follows: 



20 



Flow rate 



= power/specific heat capacity 
= 100/4.2x75 cc/s 
= 0.32 cc/s 
= 1 9cc/min 



[0043] This assumes an initial saline temperature of 
25°c, and a heat capacity of 4200 J/kg/°c. 

25 [0044] Although during vaporisation saline is brought 
into the vapour state, the vapour is only stable around 
the active electrode 11. Thus, the energy absorbed by 
virtue of the latent heat of vaporisation can be ignored, 
as this energy is recovered by freshly-arriving saline. 

30 [0045] Another important factor is that, due to the very 
short circuit path of the saline, the current may be re- 
garded as flowing along a number of different paths, 
which, therefore, do not have the same power density. 
Consequently, vaporisation can occur at flow rates high- 

35 er than the calculated maximum, due to the unequal 
power densities within the saline environment. Howev- 
er, the amount of vaporisation occurring along the length 
of the active electrode 1 1 will depend upon the flow rate. 
[0046] As the saline is heated up by the active elec- 

^o trode 11, it is potentially damaging to tissue as it can 
cause thermal necrosis. It is important, therefore, that 
all the heated saline is recovered and exhausted from 
the patient before coming into contact with the tissue 
adjacent to the application site. It is for this reason that 

45 there is suction from the active electrode 11 to an ex- 
haust reservoir (not shown). However, by ensuring that 
the suction occurs in excess, no saline can then escape 
from region of the active electrode 11 other than via the 
saline return channel 18. Any saline which escapes 

50 transversely beyond the exterior shaft falls away from 
the current path, and so is not heated. The priority is, 
therefore, to ensure that the hottest saline is removed. 
As the thermal gradient is at a maximum adjacent to the 
active electrode 11 this is the most appropriate exhaust 

55 point for the saline. It is for this reason that the saline is 
exhausted through the cylindrical portion 15a of the in- 
sulator/spacer 15. 

[0047] Another important consideration in deciding 
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the point of saline evacuation is the potential for block- 
age of the exhaust path. This could occur when cutting 
or vaporising tissue in such a way as to free small tissue 
particles which could easily block the exhaust. The ex- 
haust point is, therefore, selected to be at the highest 
energy density point on the active electrode 11. This 
measure ensures that any tissue approaching the ex- 
haust point is instantly vaporised into solution, thereby 
avoiding the potential for blockage. 
[0048] Another significant advantage of ensuring a 
high degree of suction during tissue removal by vapor- 
isation, is that any smoke which has not been absorbed 
by the saline is also evacuated. This is important, be- 
cause smoke is capable of transmitting viable biological 
particles, and this could lead to infection. 
[0049] As mentioned above, the power threshold for 
vaporisation is not well defined. If the instrument E1 
were operating in a static conductive medium, then the 
vaporisation threshold would be well defined by an inv 
pedance switching point where the electrode imped- 
ance suddenly rises as a result of vapour pockets form- 
ing around the active electrode 11 . The threshold is nor- 
mally dependent upon the dissipation mechanism of the 
saline. In a static environment, the dissipation mecha- 
nism is predominantly by convection currents within the 
saline. Under these circumstances, the power threshold 
for vaporisation is defined by the input power into the 
electrode active region being in excess of the dissipation 
from the saline. However, in the embodiment, described 
above, the saline around the active electrode 11 is con- 
tinually refreshed. If it were not, then the only dissipation 
mechanism would be by latent heat of vaporisation, and 
the saline would quickly evaporate. By providing a flow, 
the threshold power level is increased. However, the 
threshold power level is dependent on the saline refresh 
rate at the very periphery of the active electrode 11 . The 
refresh rate at this boundary layer can be modified by 
altering the surface finish of the active electrode 11 . For 
example, if the active electrode 11 had a smooth sur- 
face, then saline would be rapidly refreshed, as a rapid 
flow rate would be established. However, as the active 
electrode 11 has an irregular finish, the refresh rate of 
pockets within the irregular surface is diminished. Thus, 
the irregular surface traps saline (or at least delays the 
refresh), and so absorbs more power before being re- 
placed. In other words, the power threshold is de- 
creased by the irregular active electrode surface. This 
is a highly desirable property, as the electrode power 
requirement drops substantially without adversely ef- 
fecting tissue performance. The threshold power is fur- 
ther reduced because the active electrode is construct- 
ed so as to provide a capillary action. Thus, even in the 
vaporised state, the active electrode 11 is intermittently 
wetted. By ensuring that this wetting wets the entire ac- 
tive electrode 11 by capillary action, there is a continual 
source of vapour which minimises the intermittent wet- 
ting, and so further reduces the power demand. 
[0050] To vaporise tissue, it is necessary for the saline 



being fed from the channel 17 to be in contact with the 
tissue, as well as with the active electrode 11. The sa- 
line, therefore, has to form a constant drip enveloping 
the active electrode 11. The tip of the active electrode 

s 1 1 is, therefore, designed so that the saline and the ac- 
tive electrode simultaneously contact tissue regardless 
of angle. If the flow of saline from the channel 1 7 to the 
active electrode 11 were completely annular, saline 
could flow from one side to the other, in which case the 

10 active electrode could be only partially enveloped. It is 
to prevent this, that the annular channel 17 is segment- 
ed by the wings 1 5b so as to ensure a saline flow on the 
uppermost surface. This also improves the adherence 
of the incoming saline by increasing the capillary action. 

15 [0051] When the tip of the active electrode 11 comes 
into contact with the tissue, the region touching the tis- 
sue suddenly loses its ability to dissipate power via the 
saline. Whilst the return path is made up of a flow of 
saline, the tissue has no mechanism for power dissipa- 

20 tion and therefore quickly heats up to the point where it 
is vaporised. 

[0052] The effectiveness of the instrument in vaporis- 
ing tissue is dependent on the ratio between the sup- 
ported 'drip' and the length of the active electrode 11. A 

25 longer active electrode 11 is the most demanding, as 
the ability to maintain a constant 'drip' is reduced. How- 
ever, once the active electrode 11 has vaporised a pock- 
et within the tissue, so that the return electrode 1 2 is 
closer to the tissue surface, vaporisation becomes eas- 

30 jer, as there is a smaller voltage drop across the saline, 
simply because it forms a smaller part of the electrical 
circuit. 

[0053] By varying the output of the generator 1 , the 
instrument E 1 can also be used for desiccation (coagu- 

3S lation). In this case, the generator is controlled so that 
small vapour bubbles form on the surface of the active 
electrode 1 1 , but insufficient vapour is produced to pro- 
vide a vapour bubble (pocket) surrounding the active tip 
of the electrode 1 , the vapour bubble being essential for 

40 tissue removal by vaporisation. 

[0054] The generator 1 is controlled in such a manner 
that it has respective output ranges for tissue desicca- 
tion and for tissue removal by vaporisation. The former 
range is from 1 50 volts to 200 volts, and the latter range 

45 is from 250 volts to 600 volts, the voltages being peak 
voltages, in the vaporisation mode, the generator 1 is 
controlled in such a manner as to prevent the active 
electrode 11 overheating. This requires a reduction in 
the output voltage of the generator 1 once a vapour 

50 pocket has been established. The generator 1 and its 
control means are described in greater detail in the 
specification of our European Patent Application No. 
0754437. 

[0055] The coagulation from this electrode is vastly 
55 superior to any conventional bipolar electrode. The rea- 
sons are two fold. Firstly, the coagulation mechanism is 
not merely by electrical current in the tissue, but is also 
due to the heated saline. Secondly, under normal cir- 
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cumstances, the weakest link in providing electrical 
power to the tissue is the electrode/tissue interface, as 
this is the point of highest power density, and so imposes 
a power limit. If too high a power level is attempted, the 
tissue at the interface qu ickly desiccates, far faster than s 
the larger cross-section of tissue forming the remaining 
circuit. If a lower power is selected, the interface can 
dissipate the temperature rise by mechanisms other 
than evaporation. Consequently, the interface remains 
intact longer, and so a greater depth of effect can be 10 
achieved. In this embodiment, the electrical interface is 
much stronger by virtue of the saline, and it is not pos- 
sible completely to desiccate the target tissue. Thus, 
power can be delivered at a higher rate and for a longer 
period, resulting in a depth of effect which is purely time is 
and power related. 

[0056] Figure 3 shows the distal end of the second 
form of electros urgical instrument. This instrument is a 
modification of that shown in Figure 2, so like reference 
numerals will be used for like parts, and only the modi- 20 
fications will be described in detail. The main modifica- 
tion is that the instrument of Figure 2 includes two co- 
axial, tubular return electrodes 12 and 12', the return 
electrode 12' being slightly shorter than the return elec- 
trode 12 and being positioned therewithin. The annular 25 
gap between the two return electrodes 12 and 12' con- 
stitute the saline feed channel 17, and the saline return 
channel 18 is constituted by the annular gap between 
the return electrode 12' and the central construction 
constituted by the cylindrical portion 1 5a of the insulator/ 30 
spacer 1 5 and the tube 1 6. The tube 1 6 is also modified 
to form a friction fit around both the proximal end of the 
cylindrical portion 1 5a of the insulator/spacer 1 5 and the 
active conductor 14. 

[0057] The advantage of the instrument of Figure 3 is 35 
that, when it is used to create vaporised pockets in a 
tissue surface (for example in an embedded tumour) 
there is less chance of the return path of saline to the 
saline return channel 18 being blocked. Thus, with the 
embodiment of Figure 2 when a vapour pocket is creat- 40 
ed, some saline forming the conduction path between 
the active electrode 11 and the return electrode 12 can 
escape due to tissue obstructing the entrance to the re- 
turn channel 18. This saline can be of a sufficiently high 
temperature to cause some peripheral tissue blanching. *s 
As tissue blanching is dependent upon the size of the 
instrument, the instrument of Figure 2 should have small 
dimensions, so that the amount of peripheral blanching 
can be maintained at acceptable levels. With the em- 
bodiment of Figure 3, on the other hand, the return path so 
of saline from the active electrode 11 to the return chan- 
nel 18 willthen never be obstructed by tissue. Moreover, 
when the conduction path between the active electrode 
11 and the return electrode 1 2 is obstructed, the portion 
of saline obstructed from the active electrode 11 has a ss 
reduced power dissipation. This reduced dissipation 
arises from the fact that both inlet and output saline are 
connected to the return channel 18, so the impedance 
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is lower to the extent that the majority of power dissipa- 
tion then occurs in the obstructing tissue. 
[0058] The instrument of Figure 3 is, therefore, less 
suitable for miniaturisation than that of Figure 2, due 
both to the extra tubing (the extra return electrode 1 2') 
and the aspect ratio of the tip (i.e. the active electrode 
11 cannot protrude as much per diameter due to the sa- 
line exhaust being stepped further back). This exhaust 
has to be positioned further back, as it is passed through 
the second return electrode 12'. If it were not so posi- 
tioned, it would cause too great a power distribution over 
the length of the active electrode 11. 
[0059] The exhaust saline from the instrument of Fig- 
ure 3 may also contain tissue particulates. As the ex- 
haust path does not necessarily pass through a vapor- 
ising region, this imposes a limit to the minimum size of 
this version of the instrument, due to the potential for 
blockage of the exhaust path. 

[0060] The best vaporising performance for each of 
the instruments described above is when the active 
electrode 11 is designed to trap, or at least interrupt, sa- 
line flow. The reason for this is quite simple, namely that 
the longer saline can be kept in close proximity to the 
active electrode 11 the more power it absorbs, and 
hence the greater the propensity to form a vapour. Wire 
or hollow forms of active electrode are, therefore, the 
most effective. It would, for example, be possible to re- 
place the twisted form of wire form of active electrode 
by an active electrode in the form of a coil. It would also 
be possible to improve vaporisation by partially obscur- 
ing the active electrode/saline interface by masking with 
sprayed ceramic, sprayed ceramic being deposited at a 
particulate non-uniform coating. 
[0061] The instruments described above have a 
number of advantages namely :- 

1. Each can provide a monopolar like action with 
only one electrode (the active electrode 1 1 ) in direct 
tissue contact; 

2. Each provides immediate tissue debulking (va- 
porisation) in a manner similar to that obtained with 
laser instruments; 

3. RF current is confined to the area of treatment, 
thereby reducing collateral or deep thermal effects, 
and eliminating remote burns; 

4. There is minimal smoke when cutting or vaporis- 
ing, due to the cooling, condensing and dissolving 
effects of the surrounding saline. Any smoke pro- 
duced is rapidly removed due to the suction adja- 
cent to the active electrode 1 1 ; 

5. As the current path within the electrode assembly 
is bi-directional, there is minimal capacitive cou- 
pling at any electrode entry points; 



EP 0 833 593 B1 



8 



15 



EP 0 833 593 B1 



16 



6. The saline provides an excellent active electrode/ 
tissue interface which preserves current flow for a 
controlled depth of coagulation, this being depend- 
ent purely on power and application time. 

7. The saline connection prevents high impedance 
conditions which could cause significant carboniza- 
tion which is known to be detrimental to tissue heal- 
ing, and increases the risk of adhesion formation; 

8. The excellent low impedance active electrode/tis- 
sue interface permits the use of much higher pow- 
ers for rapid effects. This is particularly useful for 
quick non-carbonizing coagulation; and 

9. Much higher power levels are supported than for 
conventional bipolar electrosurgery. In practice, 
conventional bipolar electrosurgery is only effective 
to a limit of 40W or 50W, as higher power levels re- 
sult in overheating and carbonization. With the elec- 
trode configuration of Figures 2 and 3 power levels 
in excess of 200W can be supported. 

[0062] It will be apparent that modifications could be 
made to the instruments described above. Thus, the ac- 
tive electrode 11 could be of any other suitable form, 
such as a needle electrode or a hollow, perforated part- 
spherical electrode made, for example, of platinum/ind- 
ium, and the insulator/spacer 15 would be made of sili- 
cone rubber or glass. It would also be possible to replace 
saline as the conductive medium with a conductive gas 
such as argon. In this case, the argon would need to be 
pumped to the region of the active electrode 11 through 
the channel 1 7, and there would be no need to remove 
the argon via the return channel 18, there being no dan- 
ger of collateral tissue damage from hot argon. In this 
case also, a modified form of RF generator would be 
needed. The entire electrode assembly could be con- 
structed as a flexible or rigid assembly, and could also 
incorporate means for steering or manipulating the ac- 
tive tip, or insertion into tissue. 



Claims 

1. An electrosurgical instrument for the treatment of 
tissue in the presence of an electrically-conductive 
fluid, the instrument comprising an instrument shaft 
(12) and an electrode assembly at one end of the 
shaft, the electrode assembly comprising a tissue 
treatment electrode (11 ) and a return electrode (12) 
which is electrically insulated from the tissue treat- 
ment electrode by means of an insulation member 
(15), the tissue treatment electrode being exposed 
at the extreme distal end of the instrument, and the 
return electrode having a fluid contact surface 
spaced from the exposed end of the tissue treat- 
ment electrode by the insulation member, wherein 



the instrument further comprises feed means (17) 
for feeding electrically-conductive fluid to the region 
of the exposed end of the tissue treatment electrode 
in such a manner as to define, in use, a conductive 
5 fluid path that completes an electrical circuit be- 
tween the tissue treatment electrode and the return 
electrode, and characterized in that the return elec- 
trode is a tubular member which is externally coated 
in insulation. 

10 

2. An electrosurgical instrument as claimed in claim 1 , 
further comprising removal means (18) for remov- 
ing electrically-conductive fluid from the region of 
the exposed end of the tissue treatment electrode 

is (11), 

3. An electrosurgical instrument as claimed in claim 2, 
wherein the feed means feeds cool electrically-con- 
ductive fluid to the region of the exposed end of the 

20 tissue treatment electrode, and the removal means 
removes heated fluid from said region. 

4. An electrosurgical instrument as claimed in claim 2 
or claim 3, wherein the removal means is constitut- 
es ed by a fluid return channel (18) formed within the 

instrument shaft (12), and by means for applying 
suction to the proximal end of the fluid return chan- 
nel. 

30 5. An electrosurgical instrument as claimed in any one 
of claims 1 to 4, wherein the feed means is consti- 
tuted by a fluid feed channel (17) formed within the 
instrument shaft (12). 

35 6. An electrosurgical instrument as claimed in claim 5 
when appendant to claim 4, wherein the fluid feed 
channel (17) is positioned around the fluid return 
channel (18). 

40 7. An electrosurgical instrument as claimed in any one 
of claims 1 to 6, wherein the return electrode (12) 
is a tubular member and constitutes the instrument 
shaft. 

45 8. An electrosurgical instrument as claimed in claim 7, 
wherein the inner surface of the tubular member 
(12) constitutes the return electrode. 

9. An electrosurgical instrument as claimed in claim 7 
50 or claim 8, wherein the tubular member ( 1 2) is made 

of stainless steel. 

10. An electrosurgical instrument as claimed in any one 
of claims 7 to 9, wherein the tissue treatment elec- 

55 trode (11) is supported centrally within the tubular 
member (12) by an insulating spacer (15). 

11. An electrosurgical instrument as claimed in claim 
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10, wherein the insulating spacer (15) is made of 
ceramic material, silicone rubber or glass. 

12. An electrosurgical instrument as claimed in claim 

10 or claim 11, further comprising a tube (16) ex- s 
tending proximally of the spacer 

13. An electrosurgical instrument as claimed in claim 
12 when appendant to claim 6, wherein the feed 
channel (1 7) is constituted by the annular space be- 10 
tween the return electrode (12) and the tube (16), 
and the return channel (18) is constituted by the in- 
terior of the tube and aperture means extending 
through the spacer (15). 

15 

14. An electrosurgical instrument as claimed in any one 
of claims 6 to 1 2, further comprising a second return 
electrode (12 1 ), the second return electrode being 
constituted by a second tubular member positioned 
concentrically within the first-mentioned tubular 20 
member (12). 

15. An electrosurgical instrument as claimed in claim 
1 4 when appendant to claims 6 and 1 2, wherein the 
feed channel (17) is constituted by the annular 25 
space between the two return electrodes (12, 12 1 ) 
and the return channel (1 8) is constituted by the an- 
nular space between the second return electrode 
(12'), and the return channel (18) is constituted by 

the annular space between the second return elec- so 
trade (12') the tube (16). 

16. Electrosurgical apparatus comprising a radio fre- 
quency generator (1 ) and an electrosurgical instru- 
ment for the treatment of tissue in the presence of 35 
an electrically-conductive fluid medium, wherein 

the electrosurgical instrument is as claimed in any 
one of claims 1 to 15. 

17. Apparatus as claimed in claim 1 6, wherein the radio 40 
frequency generator (1 ) includes control means for 
varying the output power delivered to the electrodes 
911, 12, 12'). 

18. Apparatus as claimed in claim 17 wherein the con- 45 
trol means is such as to provide output power in first 
and second output ranges, the first output range be- 
ing for powering the electrosurgical instrument for 
tissue desiccation, and the second output range be- 
ing for powering the electrosurgical instrument for so 
tissue removal by cutting or vaporisation. 

19. Apparatus as claimed in claim 18, wherein the first 
output range is from about 1 50 volts to 200 volts, 
and the, second output range is from about 25 volts 55 
to 600 volts, the voltages being peak voltages. 
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Patentanspruche 

1. Elektrochirurgisches Instrument zur Behandlung 
von Gewebe in Gegenwart eines elektrisch leitfahi- 
gen Fluids, wobei das Instrument einen Instrumen- 
tenschaft (1 2) und eine Elektrodenanordnung an ei- 
nem Ende des Schaftes aufweist, wobei die Elek- 
trodenanordnung eine Gewebebehandlungselek- 
trode (11) und eine Rucklaufelektrode (12) besitzt, 
welche von der Gewebebehandlungselektrode mit- 
tels eines Isolierelements (15) elektrisch isoliert ist, 
wobei die Gewebebehandlungselektrode an dem 
auBersten distalen Ende des Instruments frei liegt 
und wobei die Rucklaufelektrode eine Fluidkontakt- 
flache besitzt, die von dem frei liegenden Ende der 
Gewebebehandlungelektrode mittels eines Reguli- 
erelements beabstandet ist, wobei das Instrument 
weiterhin eine Zufuhreinrichtung (17) zum Zufuhren 
von elektrisch leitfahigem Fluid in den Bereich des 
frei liegenden Endes der Gewebebehandlungselek- 
trode derart aufweist, dass bei Anwendung ein leit- 
fahiger Fluidweg, der einen eiektrischen Kreis zwi- 
schen der Gewebebehandlungselektrode und der 
Rucklaufelektrode vervollstandigt, gebildet wird, 
dadurch gekennzeichnet, dass die Rucklaufelektro- 
de aus einem rohrformigen Element besteht, das 
zur Isolierung extern beschichtet ist. 

2. Elektrochirurgisches Instrument nach Anspruch 1, 
weiterhin mit einer Entfemungseinrichtung (18) 
zum Beseitigen elektrisch leitfahigen Fluids aus 
dem Bereich des frei liegenden Endes der Gewe- 
bebehandlungselektrode (11). 

3. Elektrochirurgisches Instrument nach Anspruch 2, 
bei dem die Zufuhreinrichtung kaltes elektrisch leit- 
fahiges Fluid zu dem Bereich des freien Endes der 
Gewebebehandlungselektrode zufuhrt und die Ent- 
femungseinrichtung erhitztes Fluid aus dem Be- 
reich abfuhrt. 

4. Elektrochirurgisches Instrument nach Anspruch 2 
oder 3, bei dem die Entfemungseinrichtung mittels 
eines Fluidruckfuhrkanals (18), der im Innem des 
Instrumentenschafts (12) gebildet ist, und durch 
Saugbeaufschiagung des proximalen Endes des 
Fluidrucklaufkanals gebildet ist. 

5. Elektrochirurgisches Instrument nach einem der 
Anspruche 1 bis 4, bei dem die Zufuhreinrichtung 
durch einen Fluidzufuhrkanal (17) gebildet ist, der 
im Innern des Instrumentenschafts (12) geformt ist. 

6. Elektrochirurgisches instrument nach Anspruch 5 
in Verbindung mit Anspruch 4, bei dem der Fluidzu- 
fuhrkanal (17) urn den Fluidrucklaufkanal (18) an- 
geordnet ist. 
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7. Elektrochirurgisches Instrument nach einem der 
Anspruche 1 bis 6, bei dem die Ruckiaufelektrode 
(12) ein rohrfdrmiges Teil ist und den Instrumenten- 
schaft bildet. 

5 

8. Elektrochirurgisches Instrument nach Anspruch 7, 
bei dem die Innenflache des rohrformigen Teils (12) 
die Ruckiaufelektrode bildet. 

9. Elektrochirurgisches Instrument nach Anspruch 7 10 
oder 8, bei dem das rohrformige Teil (12) aus Edel- 
stahl hergestellt ist. 

10. Elektrochirurgisches Instrument nach einem der 
Anspruche 7 bis 9, bei dem die Gewebebehand- is 
lungsetektrode (11) mittig innerhalb des rohrformi- 
gen Teils (12) mittels eines isolierenden Abstands- 
teils gelagert ist. 

11. Elektrochirurgisches Instrument nach Anspruch 10, 20 
bei dem das isolierende Abstandsteil (15) aus ei- 
nem keramischen Material aus Silikongummi oder 
Qlas besteht. 

12. Elektrochirurgisches Instrument nach Anspruch 10 25 
oder 1 1 , weiterhin mit einem Rohr (1 6), das sich pro- 
ximal von dem Abstandsteil erstreckt. 



wart eines elektrisch leitfahigen Fluidmediums, bei 
dem das elektrochirurgische Instrument nach ei- 
nem der Anspruche 1 bis 15 ausgebildet ist. 

17. Gerat nach Anspruch 16, bei dem zu dem Hochfre- 
quenzgenerator (1 ) eine Steuereinrichtung zur Ver- 

- anderung der an die Elektroden (11, 12, 12*) gelie- 
ferten Ausgangsspannung gehort. 

18. Gerat nach Anspruch 17, bei dem die Steuerein- 
richtung derart ausgelegt ist, dass sie in ersten und 
zweiten Abgabebereichen Ausgangsspannung lie- 
fert, wobei der erste Abgabebereich fur das Bestro- 
men des elektrochirurgischen Instruments zur Ge- 
webeaustrocknung und der zweite Abgabebereich 
zur Bestromung des elektrochirurgischen Instru- 
ments zur Gewebeentfemung durch Schneiden 
oder Verdampf ung vorgesehen ist. 

19. Gerat nach Anspruch 18, bei dem der erste Abga- 
bebereich von etwa 150 Volt bis 200 Volt und der 
zweite Abgabebereich von etwa 25 Volt bis 600 Volt 
betragt, wobei die Spannungen Spitzenspan nun- 
gen sind. 



Revendications 



13. Elektrochirurgisches Instrument nach Anspruch 12, 
in Abhangigkeit von Anspruch 6, bei dem der Zu- 
f uhrkanal (17) durch den ringformigen Raum zwi- 
schen der Ruckiaufelektrode (12) und dem Rohr 
(16) gebildet ist und bei dem der Ruckf uhrkanal (18) 
durch das Innere des Rohres und die Richtung des 
Abstandsteils (15) erstreckende Offnungseinrich- 
tung gebildet ist. 

14. Elektrochirurgisches Instrument nach einem der 
Anspruche 6 bis 12, weiterhin mit einer zweiten 
Ruckiaufelektrode (1 2'), wobei die zweite Ruckiauf- 
elektrode von einem zweiten rohrformigen Teil ge- 
bildet ist, das konzentrisch innerhalb des zuerst er- 
wahnten rohrformigen Teils (12) angeordnet ist. 

15. Elektrochirurgisches Instrument nach Anspruch 14 
in Abhangigkeit von den Anspruchen 6 und 12, bei 
dem der Zuf uhrkanal (17) durch den ringformigen 
Raum zwischen den beiden Rucklauf elektroden 
(12, 12*) gebildet ist und bei dem der Rucklauf kanal 
(18) durch den ringformigen Raum zwischen der 
zweiten Ruckiaufelektrode (12*) gebildet ist und bei 
dem der Rucklauf kanal (18) durch den ringformigen 
Raum zwischen der zweiten Ruckiaufelektrode 
(12*) des Rohrs (16) gebildet ist. 

16. Elektrochirurgisches Gerat mit einem Hochfre- 
quenzgenerator (1 ) und einem elektrochirurgischen 
Instrument zur Behandlung von Gewebe in Gegen- 
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Instrument electrochirurgical pour le traitement d'un 
tissu en presence d'un fluide conducteur, I'instru- 
ment comprenant une gaine d'instrument (1 2) et un 
assemblage d'electrodes a une extr6mit6 de la gai- 
ne, I'assemblage d'electrodes comprenant une 
electrode de traitement de tissu (11 ) et une electro- 
de de reference (12) qui est isolee electriquement 
de I'dlectrode de traitement de tissu au moyen d'un 
element isolant (1 5), I'electrode de traitement de tis- 
su etant exposee a I'ext re mite" distale extreme de 
Pinstrument, et la surface de contact avec le fluide 
de Electrode de reference 6tant espacee de I'ex- 
tremite exposee de I'electrode de traitement de tis- 
su par I'dlement isolant, ['instrument comprenant en 
outre un systeme d'alimentation (17) pour amener 
le fluide conducteur a la region de I'extremite expo- 
sed de i'electrode de traitement de tissu de maniere 
a definir, en service, un passage de fluide conduc- 
teur qui complete un circuit electrique entre I'elec- 
trode de traitement de tissu et I'electrode de refe- 
rence, et caracterise en ce que I'electrode de refe- 
rence est un 6l6ment tubulaire qui est muni d'un re- 
vStement isolant externe. 

Instrument 6lectrochirurgical selon la revindication 
1, comprenant en outre un systeme d'extraction 
(18) pour extraire le fluide conducteur de la region 
de I'extr6mite exposee de I'electrode de traitement 
de tissu (11). 
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3. Instrument eiectrochirurgical seton la revendication 
2, dans iequel le systems d'alimentation amene un 
fluide conducteurfrais k la region de I'extr6mite ex- 
pos 6e de P electrode de traitement de tissu, et le 
systeme d'extraction extrait du fluide chauffe de la- 5 
dite region. 

4. Instrument eiectrochirurgical selon la revendication 
2 ou 3, dans leque! le systeme d'extraction est cons- 
tit ue par un canal de retourdu fluide (18) forme dans 10 
la gaine d'instrument (1 2) et par un systeme destine 

a. appliquer une aspiration k I'extrdmite proximale 
du canal de retour du fluide. 

5. Instrument eiectrochirurgical selon I'une quelcon- is 
que des revendications 1 & 4, dans Iequel le syste- 
me d'alimentation est constitue par un canal d'ame- 
n6e du fluide (17) forme dans la gaine d'instrument 
(12). 
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6. Instrument eiectrochirurgical selon la revendication 
5 dependants de la revendication 4, dans Iequel le 
canal d'amenee du fluide (17) est dispose autour 
du canal de retour du fluide (16). 
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7. Instrument eiectrochirurgical selon Tune quelcon- 
que des revendications 1 k 6, dans Iequel Electro- 
de de reference (12) est un Element tubulaire et 
constitue la gaine de I'instrument. 
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8. Instrument eiectrochirurgical selon la revendication 
7, dans tequel la surface interne de Tenement tubu- 
laire (12) constitue l'6lectrode de reference. 

9. Instrument eiectrochirurgical selon la revendication 35 
7 ou la revendication 8, dans Iequel I'6l6ment tubu- 
laire (12) est en acier inoxydable. 

10. Instrument eiectrochirurgical selon Tune quelcon- 
que des revendications 7 & 9, dans Iequel l'6lectro- 40 
de de traitement de tissu (11 ) est soutenue en po- 
sition cent rale dans I'element tubulaire (12) par une 
entretoise isolante (15). 

1 1 . Instrument eiectrochirurgical selon ia revendication 45 
10, dans Iequel I'entretoise isolante (15) est consti- 
tute d'un mat6riau c6ramique, de caoutchouc sili- 
cone ou de verre. 

12. Instrument 6lectrochirurgical selon la revendication so 
10 ou la revendication 1 1 , comprenant en outre un 
tube (16) s'6tendant dans la region proximale de 
I'entretoise. 

13. Instrument eiectrochirurgical selon la revendication 55 
12 d6pendante.de la revendication 6, dans Iequel 

le canal d'alimentation (1 7) est constitu6 par I'espa- 
ce annulaire compris entre I'eiectrode de reference 
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(12) et le tube (16), et le canal de retour (18) est 
constitu6 par I'intdrieur du tube et le systeme 
d'ouverture k travers I'espaceur (15). 

14. Instrument 6lectrochirurgical selon I'une quelcon- 
que des revendications 6 & 1 2, comprenant en outre 
une seconde Electrode de reference (12'), le secon- 
ds electrode de reference 6tant constitute par un 
second 6l6ment tubulaire dispos6 en position con- 
centrique dans le premier element tubulaire (12). 

15. Instrument 6lectrochirurgical selon la revendication 
14 d6pendante des revendications 6 ci 12, dans Ie- 
quel le canal d'alimentation (17) est const it u6 par 
Pespace annulaire compris entre les deux electro- 
des de reference (12, 12') et le canal de retour (18) 
est constitut par I'espace annulaire compris entre 
la seconde electrode de r6f6rence (12') et le tube 
(16). 

16. Appareil 6lectrochirurgical comprenant un g6n6ra- 
teur de fr6quence radio (1 ) et un instrument 6lec- 
trochirurgical pour le traitement d'un tissu en pre- 
sence d'un milieu fluide conducteur, dans Iequel 
I'instrument 6lectrochirurgical est tel que revendi- 
qu6 dans I'une quelconque des revendications 1 k 
15. . 

17. Appareil selon la revendication 16, dans Iequel le 
g6n6rateur de frequence radio (1) comprend un 
systeme de commande pour la variation de la puis- 
sance de sortie d6livr6eaux electrodes (11, 12, 12'). 

18. Appareil selon la revendication 17, dans Iequel le 
systeme de commande permet de fournir une puis- 
sance de sortie dans un premier et un second inter- 
vaile de sortie, !e premier intervalle de sortie devant 
alimenter I'instrument eiectrochirurgical pour la 
dessiccation du tissu et le second intervalle de sor- 
tie devant alimenter I'instrument eiectrochirurgical 
pour l'enl6vement du tissu par section ou vaporisa- 
tion. 

19. Appareil selon la revendication 18, dans Iequel le 
premier intervalle de sortie est compris entre envi- 
ron 150 volts et 200 volts, et le second intervalle de 
sortie est compris entre environ 25 volts et 600 
volts, les tensions etant des tensions de crdte. 
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